Oxidative stress is believed to be a pathogenic factor in the development of diabetic complications. In the present study, we aimed to evaluate the effects of different fractions of heart wood of Pterocarpus marsupium on antioxidant enzyme like protein thiols and also check the efficacy of the extract for the protection of the renal function in alloxan induced diabetic rats. The present study also investigates the levels of liver glycogen which are considered as the best biomarker for assaying the hypoglycemic activity of any drug. Diabetes was induced by administering alloxan dissolved in saline, while the normal control group was given propylene glycol. Diabetes induced animals were randomly assigned into different groups. Blood samples were collected from all the experimental and control groups. Estimation of urea, uric acid and creatinine along with protein thiols was made on day 30 only. At the end, all the animals were sacrificed to collect liver tissue to analyze glycogen content. The 30 days treatment with various extracts (75 mg/kg body wt) significantly lowered protein thiol levels, which probably represents increased utilization for neutralizing free radicals. There was no significant increase in the levels of renal parameters in the extract treated groups which revealed that the employed dose of the extract is nontoxic to the kidney. There was also a significant decrease in the glycogen content in insulin and alcohol-extract treated groups and should be encouraging for the treatment of diabetes mellitus. The extract showed a promising antioxidant effect, as well as hypoglycemic activity, and should be encouraged for the treatment of diabetes.
Diabetes mellitus is a complex metabolic disease characterized by chronic hyperglycemia. It is one of the chronic diseases affecting the host by causing disturbances in the metabolism of carbohydrates, fats and proteins which occurs as a result of progressive inability of the pancreas to secrete insulin due to the autoimmune destruction of beta cells [1] [2] [3] . In addition to hyperglycemia, other complications specific to diabetes include conditions like hyperlipidemia, hypertension, atherosclerosis, retinal and renal disorders [4, 5] . The World Health Organization (WHO), which is concerned with global public health, has also substantiated the utilization of herbal remedies for the management of diabetes [6] .
Oxidative stress is known to be a marker of molecular and cellular tissue damage in a wide spectrum of human diseases [7] . During diabetes, persistent hyperglycemia causes increased production of free radicals, especially reactive oxygen species (ROS), for all tissues via at least seven routes, namely increased glycolysis, intracellular activation of sorbitol pathway, auto-oxidation of glucose, non-enzymatic protein glycosylation, disruption of polyol pathway, altered eicosanoid metabolism and decreased antioxidant defenses [8] .
Free radicals are proficient enough at damaging cellular molecules, proteins, and DNA, leading to alternation of cell functions. In fact, the abnormalities in lipids and proteins are one of the reasons for the development of diabetic complications [7] . Reactive oxygen species (ROS) are being reported to be formed in different tissue diabetes [9, 10] by various sources such as non-enzymatic glycosylation reaction [11] , the electron transport chain in mitochondria [12] , and membrane-bound NADPII oxidase [13, 14] . ROS are also involved in progression of insulin resistance, as well as pancreatic β-cell dysfunction [15] . Administration of appropriate antioxidants from plant sources could either prevent or retard the diabetic complications to some extent [16] . The present study is more meaningful because of the added advantage of these plant extracts being equally effective, but without the untoward side effects of modern medicines. It is hoped that these studies will establish the therapeutic potentialities of these drugs. So, this present study was taken up to study its beneficiary effects.
Serum urea, uric acid and creatinine levels in different groups:
In the present study there was no statistical difference in urea, uric acid and creatinine levels in any of the extract treated groups when compared with the diabetic group at the end of 30 days. 
Serum protein thiols:
There was no statistically significant difference in protein thiols (P>0.05) observed when insulin treated, EA, Alcohol, Aqueous and PE treated groups were compared with the normal group. When the alcohol treated group was compared with the light petroleum , ethyl acetate and aqueous extract treated groups there was a statistically significance difference in which the PE, EA and aqueous extract treated groups had a decrease in serum protein thiols when compared with the alcohol treated group (P<0.05). When the DE group was compared with PE there was a statistically significant difference in which PE had a decrease in serum protein thiols when compared with DE (P<0.05). When the PE group was compared with EA there was a statistically significant difference in which EA had a decrease in serum protein thiols when compared with PE (P<0.05) ( Table 1 ).There was no statistically significant difference in protein thiol levels in other extract treated groups (Figure 1 ). Glycogen: Tissue glycogen was estimated in different groups after the study period of 30 days after either the induction of diabetes or in normal controls. When the normal group was compared with the EA treated group there was a statistically significant difference in which EA had an increase in tissue glycogen when compared with the normal (P<0.05). When the insulin treated group was compared with DE there was a statistically significant difference in which the insulin treated group had a decrease in tissue glycogen content when compared with DE (P<0.05). When the alcohol treated group was compared with DE there was a statistically significant difference in which the alcohol treated group had a decrease in tissue glycogen level when compared with DE (P<0.05). There was no statistically significant difference in any of the other extract treated groups when compared with the diabetic group at the end of 30 days (Table 2, Figure 2 ). Urea, uric acid, and creatinine: Distinct metabolic alterations are demonstrable in experimental diabetic rats, leading to a negative nitrogen balance, enhanced proteolysis and lowered protein synthesis [17] . Changes in the protein metabolism could be due to reduced uptake of amino acids by tissues, higher rate of proteolysis and fall in protein synthesis. All these factors lead to increased production of urea by the liver, as reported by [18] . One of the most important sensitive and dramatic indicators of kidney injury is the increase in serum levels of urea and creatinine. Plasma uric acid and creatinine can be used as a rough index of glomerular filtration rate [19] . Increase in uric acid may be due to metabolic disturbance in diabetes, which is reflected by high activities of xanthine oxidase, lipid peroxidation and increased cholesterol and triglycerides [20, 21] . Moreover, protein glycation in diabetes may lead to muscle wasting and increased release of purine, the main source of uric acid, as well as in activity of xanthine oxidase [21] . Increase in serum creatinine level is also the marker of muscle wastage. Diabetic hyperglycemia induces elevation of the serum levels of urea, creatinine and uric acid, which are considered as significant markers of renal dysfunction [22] . However, in the present study, there was no increase in urea, uric acid and creatinine levels among all the experimental groups, which demonstrates that the plant extract is safe to the kidney.
Glycogen: Liver glycogen level may be considered as the best marker for assessing hypoglycemic activity of any drug. This indicates that the peripheral free glucose is being stored in the liver in the form of glycogen by increasing glycogenesis. During starvation and stress, one of the fuel reserves broken down to provide energy is glycogen. The principal reservoir of glycogen from which free glucose can be released into circulation is liver. Administration of alloxan causes decrease in glycogen content due to enhanced glycogenolysis, which is due to insulin deficiency so that the normal capacity of the liver to synthesize glycogen is impaired [23] . A significant increase in liver glycogen by administration of Mollugo nudicaulis may be due to an increased level of insulin caused by it. In the present study, there was a decrease in the glycogen content in the insulin and alcohol treated groups in comparison with the diethyl ether treated group, which could be due to disturbances in the glycogen synthetase system. Liver glycogen changes may require higher doses of the extract and are not observed at the lower doses. Decrease in glycogen content in streptozotocin induced diabetic rats support the findings of Grover et al. [24] .
Protein thiols:
The measurement of plasma thiol is a good reflection of excess free radical generation, since the conformation of albumin is altered showing SH groups to be oxidized [25, 26] . It
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has already been shown that free radicals cause oxidation of protein SH groups in plasma. Albumin is the most abundant plasma protein and is a powerful extracellular antioxidant.
In diabetes mellitus, hyperglycemia can simply inactivate antioxidant enzymes such as SOD and GPX by glycating these proteins and induces oxidative stress, which in turn causes lipid peroxidation [27, 28] . Decreased antioxidant enzymes levels and enhanced lipid peroxidation have been well documented in alloxan induced diabetes [29, 30] .
The PE, EA and aqueous treated group had a statistically significant decrease in protein thiols compared with the alcohol treated group. Administration of the extract has caused significant reduction in blood glucose and a reduction in protein thiol. It indicates that there is an improved glycemic control in these rats which accounts for the lowering of protein thiols in these groups as an adaptive response. Decrease in total thiols would probably represent increased utilization for neutralizing free radicals. Phytochemical constituents might have contributed to the antioxidant activities, which suggest that the plant extract possesses a free radical scavenging nature.
Experimental
General: Pterocarpus marsupium was obtained locally from a medicine shop. It was dried in the open air and finely ground into powder.
Preparation of the extract of heart wood of P. marsupium:
About 3 kg of freshly procured finely dried powder was soaked in 95% ethanol for 4-5 days. The cold extract was decanted and the soaked material refluxed with 95% ethanol. Both the cold and warm extracts were boiled and concentrated under pressure till a thick syrupy consistency was obtained. It was evaporated to dryness and this was further fractionated using different solvents Aqueous extract: Finely dried powder was soaked in water for 1-2 h, refluxed for 2-3 h and decanted when hot. The contents were filtered using a cotton plug. The contents were concentrated under reduced pressure in a hot water bath until a syrupy consistency was obtained. The extract was weighed and preserved in an air tight container at room temperature. This research protocol was approved by the animal ethical committee of Manipal University.
Animals:
In-house bred albino Wistar strain male rats weighing 120-200 g were used in the study. All the animals were maintained under a 12 h day-light environment. The animals were kept in a hygienic environment and the bed was changed every day. All the animals were provided with water and food ad libitum. The standard rat pellet food was supplied by Gold Mohur Lipton India Ltd. The normal control group was injected with 0.9% saline intraperitonially. Alloxan was dissolved in saline (0.9%). Injection of either saline or alloxan was carried out on rats that had been deprived of food for about 24 h. About 30 min after injection, food was provided to the animals. After a 7 days stabilization period blood samples were obtained from animals fasted overnight. Blood was drawn from the intra orbital plexus by inserting a "mucap" capillary. About 1-1.5 mL of blood was drawn into a test tube having sodium fluoride and oxalate mixture. After 1 h the sample of blood was centrifuged (R&C centrifuge) at 2000 rpm for about 15 min and the plasma used for the assay. Blood sugar was estimated with the plasma sample obtained. The alloxan injected group, which had more than 200 mg% of blood glucose, was included in the study. The diabetes induced animals were randomly assigned into different groups with 8 animals in each group. The day of confirmation of diabetes was taken as day 1 for further course of treatment as per the group. Estimation of protein thiols and urea, uric acid and creatinine was made on Day 30. After assaying all the parameters, the animals were sacrificed and liver glycogen was estimated. 
Estimation of serum protein thiols:
All solutions were warmed at 37ºC prior to the experiment. To 100 µL of serum, 900 µL of 0.2 mol/L Na 2 HPO4 containing 2 mmol/L Na 2 EDTA and 20 µL of 10 mmol/L DTNB in 0.2 mol/L Na 2 HPO 4 were added. A serum sample blank was prepared by adding 920 µL of 0.2 mol/L Na 2 HPO 4 containing 2 mmol/L Na2EDTA to 100 µL of serum sample. A reagent blank was also prepared by adding 1000 µL of 0.2 mol/L Na 2 HPO 4 containing 2 mmol/L Na 2 EDTA to 20 µL of 10 mmol/L DTNB in 0.2 mol/L Na 2 HPO 4 . After mixing, using a vortex mixer, tubes were incubated at room temperature for 5 min for complex formation. At the end of 5 min, the absorbance was read at 412 nm in a GENESYS 10UV spectrophotometer. The absorbance of serum sample blank and reagent blank were subtracted from the test sample absorbance values to obtain the corrected values. The protein thiol concentration in serum was determined by interpolating the corrected absorbance values with the standard graph and expressed in µmol/L of serum.
Estimation of urea, uric acid and creatinine:
Blood urea was estimated using the diacetylmonoxime method. The uric acid and creatinine were estimated using uricase-POD and Jaffe's method, respectively.
Statistical analysis:
All data obtained were analyzed using SPSS and were expressed as mean ± SE.(commonly used software version 16) The significance of difference among the groups was assessed using Kruskal Wallis test followed by the Mann Whitney 'U' test. Significant value was set to p<0.05. Comparison of data within the group at different intervals was assessed by the paired 't' test. Anova (One way analysis of variance) and Tukey HSD test were used for inter comparison between the groups. The Bonferroni test and Anova were used for inter comparison between the time periods.
